Through the tight-binding calculation, we demonstrate that magnetic and quantum confinements have a great influence on the low-energy band structures of one-dimensional (1D) armchair graphene ribbons. The magnetic field first changes 1D parabolic bands into the Hall-edge states which originate in the Landau wavefunctions deformed by one or two ribbon edges. The quantum confinement dominates the characteristics of the Hall-edge states only when the Landau wavefunctions touch two ribbon edges. Then, some of the Hall-edge states evolve as the Landau states when the field strength grows. The partial flat bands (Landau levels), related to the Landau states, appear. The magnetic field dramatically modifies the energy dispersions and it changes the size of the bandgap, shifts the band-edge states, destroys the degeneracy of the energy bands, induces the semiconductor-metal transition and generates the partial flat bands. The above-mentioned magneto-electronic properties are completely reflected in the low-frequency absorption spectra-the shift of peak position, the change of peak symmetry, the alteration of peak height, the generation of new peaks and the change of absorption edges. As a result, there are magnetic-field-dependent absorption frequencies. The findings show that the magnetic field could be used to modulate the electronic properties and the absorption spectra.
Introduction
Besides natural 3D layered graphites [1] [2] [3] [4] , there are many graphene-based materials, e.g. one-dimensional (1D) carbon nanotubes [5] , 1D nanographite ribbons [6] [7] [8] [9] and 2D ultrathin graphite films [10] [11] [12] [13] [14] . These allotropic structures exhibit distinguishable physical properties closely related to their forms, sizes or stacking types. A carbon nanotube, a graphene (a monolayer graphite) rolled in the form of a cylinder, belongs to the 1D system, for example. Its absorption spectra show a series of sharp van Hove peaks that result from quasi-onedimensionality. Furthermore, a 1D graphene ribbon is an unrolled 1D nanotube. Such a graphitic fragment, inherently with very strong sp 2 bonds, differs in physical properties from a 2D monolayer graphite or the 0D aromatic molecules because of the dimensionality. A 1D graphene ribbon is an elongated carbon strip along the transversal (x) direction and with the finite width in the longitudinal (y) direction. Electrons propagate along the x direction, while their motion is confined in the y direction. The electronic properties show 1D characteristics. Moreover, the ribbon edges have a significant effect on the electronic properties. The two typical edge structures-armchair edge and zigzag edge-of 1D ribbons are intensively studied. Many theoretical studies predict that a zigzag ribbon has peculiar localized edge states that give rise to the partial flat bands at the Fermi level (E F = 0) and a conspicuous peak in DOS [7] . However, an armchair ribbon does not exhibit such states. It is either a metal or a semiconductor, which depends on its width. Owing to the profuse electronic properties, 1D graphene ribbons might play an important role in the next-generation carbon-based electronics as a component or an interconnection.
In addition to the quantum confinement, the magnetic field (B) provides an effective confinement, restricting the electron motion in real space. It is well known that, by producing a magnetic confined potential, a perpendicular magnetic field constrains electron motions in a 2D electron gas system and induces the Landau levels. Recently, the success of the production of a 2D monolayer graphite [10, 14] has extensively triggered the experimental and theoretical studies on the electronic properties and transport. A 2D monolayer graphite, made up of carbon honeycomb lattices with the biparticles in a unit cell, exhibits two linear bands intersecting at the Fermi energy. The massless fermion Dirac equation is generally used to model these special energy dispersions [15] . The measurements show that the diagonal conductivity σ xx is vanishing and the off-diagonal conductivity σ x y is quantized [16, 17] . The phenomena originate in the unique low-energy magneto-electronic properties. The Landau level energy satisfies the simple relation E ∝ √ n B (where n is the subindex) [18] . The findings show that B greatly influences the electronic properties of a 2D monolayer graphite. All the above-enumerated facts would impel us to study how the quantum confinement and the magnetic field affect the electronic properties of graphene ribbons.
Before proceeding with the work, the literature on electronic, magnetic and optical properties of 1D nanographite ribbons is reviewed. The tight-binding model predicts that the low-energy band structures and magnetic properties of zigzag ribbons are strongly dependent on the edge states [7, 8] . The first-principles calculations are used to study the dependence of these states on the dangling bonds, monohydrogen termination and dihydrogen termination [19] [20] [21] . The low-energy bands in the presence of a uniform magnetic field are further calculated by the Dirac equation. The magneto-electronic properties are dominated by the edge structure, field strength and ribbon width [22] [23] [24] . The optical absorption spectra of narrow ribbons are calculated by a single- [25, 26] and quasi-particle scheme [27] , respectively. The effects due to the edge structures, stacking sequence [25, 26] , e-e interactions and excitons [27] are investigated in detail.
In this work, the magneto-electronic properties of monohydrogen-terminated armchair graphene ribbons are studied through the Peierls coupling tight-binding method, an exact method dealing with the lattice potential and the magnetic field at the same time. This method could provide the full magnetic-band structures, which is impossible for the massless fermion Dirac equation. The effects, caused by the size effect and the magnetic field, on the magnetoband structures and optical properties are explored. Our calculation results show that the magneto-electronic properties strongly depend on the field strength, ribbon width, subband index and wavevector. This paper is organized as follows. Section 2 discusses the Hamiltonian matrix elements of a graphene ribbon subjected to a perpendicular magnetic field. Then, magneto-electronic and optical properties are explored in section 3. Finally, concluding remarks are drawn in section 4.
Theory
The slitting of a 2D monolayer graphite alongx with the two parallel armchair edges allows us to obtain a 1D armchair ribbon (see details in [28] ). The plane hexagonal networks make up the 1D ribbon. The carbon-carbon bond length is b = 1.42Å. The periodic length along the x axis is I x = 3b. The first Brillouin zone is −π/I x k x π/I x . The number of dimer lines along the y axis, N y , denotes the ribbon width. There are 2N y carbon atoms in a primitive unit cell. The introduction of a perpendicular magnetic field B = (0, 0, B) makes the tight-binding Hamiltonian change from
is the creation (annihilation) operator at the i th ( j th) site. Only the nearest-neighbor interaction is taken into consideration here. The value of the hopping integer is γ 0 = 2.569 eV [2] . θ i, j , the Peierls phase, is the line integral of the vector potential from the i th site to the j th site in the unit of the flux quantum 0 = ch/e, i.e.
With the Landau gauge, the vector potential is carefully chosen as A = (−By, 0, 0). The gauge preserves the translation invariance along the x direction and k x is a good quantum number. There still exist 2N y atoms in a unit cell. Therefore, the wavefunction is 
where
. . , N y )] labels the atom located at the mth (m th) dimer line along the y axis. The magnetic flux passing through a hexagonal ring is / 0 = 1/q, where q is a positive integer. The relation between B and is described via B = 7.9 × 10 4 /q. The state energies E(k x ) and the associated envelope functions (y) can be easily obtained through the diagonalization of the Hamiltonian matrix.
Magneto-electronic and optical properties
The N y = 270 and the N y = 269 armchair ribbons are chosen for this model study. In the absence of the magnetic field, an armchair ribbon is theoretically predicted to be a metal when N y = 3I + 2 (where I is an integer), or otherwise a semiconductor. The low-energy magneto-band structures are shown in figures 1 and 2, where only the unoccupied π * bands are illustrated because of the symmetry between the unoccupied π * bands (E c ) and the occupied π bands (E v ) about E F = 0. The unoccupied bands (the occupied bands) figure 1(a) ). Thus, the N y = 270 ribbon is a semiconductor. The band-edge states of the 1D parabolic bands are located at k x = 0. The neighboring energy dispersions, e.g. n = 0 and 1 subbands, get closer in energy as k x grows. According to figures 1(b)-(d), the magnetic field greatly modifies the energy bands-the change of the size of the bandgap, the shift of the subbands, the alteration of the band feature, the production of partial flat bands (Landau levels) and the induction of the semiconductor-metal transition (SMT). At B = 4 T (l B = √h /eB = 266/ √ BÅ = 133Å [29] ), the magnetic field not only alters the features but also shifts the band-edge states of the n = 0, 1, 2, 3 and 4 subbands. As a result, B enhances the energy spacings between these five subbands at larger k x and changes the size of bandgap ( figure 1(b) ). In the presence of B = 9 T, the subbands clearly move further apart, exhibiting the parabolic bands and the composite bands made up of the oscillating bands and the parabolic bands ( figure 1(c) ). The band-edge states of the latter are not located at k x = 0. The n = 0 subband becomes comparatively flat near E F and its band-edge state is close to E F , in which the bandgap ultimately closes as B 9 T. Notably, the partial flat bands (the n = 0 Landau levels) appear in a large enough magnetic field ( figure 1(d) ). The partial flat bands become the dispersive bands at larger k x . Moreover, the n = 1 and the n = 2 subbands begin to merge together near k x = 0. They gradually become comparatively flat and move closer to the n = 1 doubly degenerate Landau level with the increase of the field strength.
Based on the effective mass model, the development of the magneto-band structure with B is deliberated. A perpendicular magnetic field confines the electron motion and leads to the Landau levels and the related Landau wavefunctions in an infinite 2D system, for example, a 2D electron gas system. Realistically, the Landau wavefunction is in the form of a strip in the 2D plane, and the center of the strip is dependent on the wavevector of the electron. What is more, the distribution width of the Landau wavefunction is closely related to the field strength and the subband index. The weaker the field is, or the larger the subband index is, the larger the distribution width is. In a 1D system, the situation becomes more complicated. Given a ribbon subjected to a perpendicular magnetic field, the electron motion is confined by both the magnetic potential and the ribbon boundary. At a stronger magnetic field ( figure 1(d) ), the distribution width of the envelope function (y) at k x ∼ = 0 is less than the ribbon width. The electrons are totally confined by the magnetic potential, so their properties are independent of the ribbon boundary. As a result, the n = 0 Landau states happen and the partial flat bands appear. At a larger k x , the Landau wavefunctions touch one of the ribbon edges and must be modified to meet the boundary condition. The net result is that the dispersive bands, denoted as the Hall-edge states hereafter, exist at a larger k x . This is why only the Hall-edge states occur at a weak magnetic field (figures 1(b) and (c)).
The magneto-electronic properties are very sensitive to the ribbon width, field strength, subband index and wavevector. In the absence of B, the N y = 269 armchair ribbon exhibits the linear bands and the 1D parabolic bands (the bold dots in figure 2(a) ). The linear bands touch at E F and thus the N y = 269 ribbon is a metal. The state energies of 1D parabolic bands are quite different from those of the N y = 270 ribbon, as shown by the light dots in figure 2(a) . The difference is attributed to the boundary condition (the vanishing wavefunctions at the hydrogen positions). The application of a magnetic field also dramatically modifies the energy bands of the N y = 269 ribbon. It changes the linear bands into the parabolic bands, shifts the band-edge states at k x = 0, destroys the degeneracy of the energy bands and produces the partial flat bands (the bold dots in figures 2(b)-(d)). In comparison with the N y = 270 ribbons, the low-energy Hall-edge states near k x = 0 are strongly dependent on the boundary condition. For example, the magnetic field does not induce the metal-semiconductor transition in the N y = 269 system. The state energies and the degeneracy of the n = 2 band-edge states (at k x = 0) are different in the two systems (figures 2(b) and (c)). It is true of the n = 3 band-edge states. The chief cause is that the wavefunction of the n = 2 (n = 3) band-edge state at k x = 0 touches two ribbon edges and, therefore, that its state energy depends on the boundary condition. In contrast, the state energies of the n = 2 (n = 3) Hall-edge state at larger k x are the same in the two systems because the wavefunction only hits one edge of the ribbon. Therefore, the state energies of the n = 2 (n = 3) Halledge state at larger k x are independent of the ribbon width. Moreover, the n = 0, n = 1 and n = 2 energy subbands are identical in the two systems. They are dominated by the field strength ( figure 2(d) ).
The effect of the magnetic field on the bandgap of the armchair ribbon deserves a closer examination. E g versus the field strength for different ribbon widths are shown in figure 3 . The magnetic field can only induce a very tiny E g in the N y = 3I +2 armchair systems. E g is almost equal to zero with the increase of the field strength. The touching between the n = 0 and the n = 0 subbands of the linear bands, of the Hall edge states and of the partial flat bands at E F results in the zero bandgap ( figure 2 ). On the other hand, E g s of the N y = 3I + 2 armchair ribbons are sensitive to the ribbon width and the field strength. At B = 0, the wider the ribbon is, the smaller E g is. The size of the bandgap shrinks with the increase of the field strength. Finally, the bandgap closes, i.e. the magnetic field can induce the semiconductor-metal transition in this armchair ribbon.
DOS, which is evaluated by
, can reveal the above-mentioned electronic properties. As shown by the light curve in figure 4(a) , DOS of the N y = 270 ribbon at B = 0 mainly exhibits the 1D power-law divergences which stem from 1D parabolic bands ( figure 1(a) ). This ribbon is a semiconductor due to the existence of the bandgap around ω = 0. The effects caused by the magnetic field on DOS are particularly manifested through the change of the size of the bandgap, the energy shift of the DOS peak, the inducement of SMT and the alteration of the peak profile (the light curves in figures 4(b)-(c)). A low magnetic field, e.g. B = 4 T, does not destroy the DOS structure or 1D powerlaw divergence. It chiefly reduces the size of the bandgap and makes some of the peaks an energy shift. The bandgap closes and SMT occurs at a strong enough magnetic field (the inset of figure 4(c) ). DOS at B = 16 T shows three kinds of structures. There are the delta-function-like peak at ω = 0, the 1D powerlaw divergences at 0.07γ 0 < ω < 0.1γ 0 and the compound peak near ω ∼ 0.05γ 0 . The latter is made up of the deltafunction-like peak and the 1D power-law divergence. Three kinds of peaks are, respectively, related to the n = 0 Landau level, the 1D parabolic bands and the composite bands made up of the oscillating bands and the Hall-edge states ( figure 1(d)) .
The boundary condition influences the band structure and then DOS. At B = 0, there exist the plateau and the 1D powerlaw divergences in DOS of the N y = 269 ribbon (the bold curve in figure 4(a) ). The low-energy plateau comes from the linear bands ( figure 2(a) ). Due to the degenerate parabolic bands ( figure 2(a) ), the N y = 269 ribbon shows few 1D powerlaw divergences. The main feature of DOS does not change and only a small bump occurs at ω = 0 when B is up to 4 T ( figure 4(b) ). The magnetic field B = 9 T curves the linear bands (figure 2(c)) and induces a sharp peak at ω = 0 (the inset of figure 4(c) ). It also shifts the DOS peaks at the high energy region. At B = 16 T, the first two peaks are almost identical to those of the N y = 270 ribbon. The state energies depend only on the field strength, rather than the ribbon width. The first peak located at ω = 0, in the form of the delta-function-like peak, originates from the n = 0 partial flat bands. However, DOS of the two ribbons are quite different at 0.06γ 0 < ω < 0.1γ 0 . They are dissimilar in peak number, peak positions and peak shapes. The root cause is that the properties of the 1D parabolic bands and the Hall-edge states are strongly dependent on the ribbon width.
The optical absorption function, which reflects the main characteristics of electronic properties, is given by [28] 
where n and n denote subband indices and f (E(k x , n)) is the Fermi-Dirac distribution function. The electromagnetic field, with an electric polarization E x x, only induces the inter-π-band excitations at T = 0. It excites electrons from the occupied π bands (n 0) to the unoccupied π * bands (n 0). The optical selection rule k x = 0 is due to the nearly zero momentum of photon.
(=0.001 γ 0 ) is the broadening parameter because of various nonradiative processes. The velocity matrix element,
, is evaluated within the gradient approximation [30, 31] .
The magnetic field, which significantly modifies the energy dispersions and produces the Hall-edge states and the partial flat bands, plays an important part in the low-energy absorption spectra. A(ω) of the N y = 270 ribbon with or without the magnetic field, indicated by the light curves in figure 5, exhibit rich peak structures. In the absence of B, the optical excitation between the band-edge states of the two 1D parabolic bands with the same n produces asymmetric absorption peaks. The selection rule is n = 2n [25] . The peaks are located at ω = 2E c (k x = 0; n), where E c (k x = 0; n) is the state energy of the n subband at the band edge (at k x = 0). ω 1 , the frequency of the first absorption peak, is deduced to be equal to the size of the bandgap E g , as shown in figure 3 . Magnetic field B changes the peak position, modifies the peak height and produces the new peaks. A(ω) of B = 4 T at ω < 0.07γ 0 show the complicated structure. The similar structure also appears in A(ω) of B = 9, and 16 T at high ω. This implies that the transitions do not comply with the simple selection rule n = 2n. For instance, the excitation transition between the band-edge states of the n = 0 and the n = 1 (or the n = −1 and the n = 0) subbands brings about the second peak ( figure 5(b) ). A strong magnetic field induces the first sharp peak, which originates in the transition from the n = 0 to the n = 1 (n = −1 to n = 0) subbands.
At B = 0, the N y = 269 ribbon exhibits a few stronger absorption peaks (the bold curve in figure 5(a) ). A weak magnetic field induces a new absorption peak and changes the threshold of the spectra (the bold curve in figure 5(b) ). The spectra at the high energy region are similar to those at B = 0. The features of A(ω) undergo a noticeable change with the increase of the field strength (the bold curve in figures 5(c) and (d)). Absorption spectra are sensitive to the ribbon width and the field strength. At a low magnetic field or in the absence of a magnetic field, the N y = 269 and the N y = 270 ribbons exhibit completely dissimilar absorption spectra. They differ in peak positions, peak number, peak height and peak shapes ( figures 5(a)-(c) ). The ribbon width greatly affects the 1D parabolic bands and the Hall-edge states. Such an effect is totally reflected in A(ω). In other words, the two ribbons exhibit the dissimilar absorption spectra at a low magnetic field. However, there is a substantial similarity between the low-energy absorption spectra of the two ribbons with the increase of the field strength. At B = 9 T, the first peaks of the two spectra are identical. The first (second) peaks of the two spectra at B = 16 T are indistinguishable. Their characteristics are independent of the ribbon width.
The B-dependent absorption frequencies are helpful in understanding the characteristics of the absorption peaks. The absorption frequencies of the first four peaks, ω 1 , ω 2 , ω 3 and ω 4 , are shown in figure 6(a) for the N y = 270 ribbon. In the absence of B, the N y = 3I + 2 armchair ribbon exhibits a width-dependent bandgap. ω 1 , as indicated in the open circle, is equal to the bandgap. ωs at B = 0 can be used to identify the ribbon width of the N y = 3I + 2 armchair ribbon. The magnetic field dramatically changes the absorption frequencies. B makes ω 1 a redshift. E g decreases while B increases, and finally SMT occurs. At the same time, ω 2 , ω 3 and ω 4 first make a redshift at low field strength. Then comes a blueshift with the increase of the field strength. At the right stage, the characteristics of the absorption peaks are chiefly determined by the Hall-edge states. After SMT, because of the different selection rule of the optical excitation, a jump happens in ω 1 . The first peak originates in the transition between the n = 0 partial flat bands and the n = 1 Hall-edge state or between the n = −1 Hall-edge state and the n = 0 partial flat bands. ω 1 is the linear function of field strength while the first peak of a 2D monolayer graphene subjected to a perpendicular B follows the simple relation ω 1 ∼ √ B. The Bdependent absorption frequencies ω 2 , ω 3 and ω 4 show several jumps due to the variation of the selection rule. Notably, the third and fourth peaks get closer in frequency when 12 T < B < 20 T. Then, ω 4 has a jump at B = 20 T and two peaks split with the increase of the field strength.
ωs of the N y = 269 ribbon, as shown in figure 6(b) , are identical to those of the N y = 270 ribbon as the field strength is larger than a critical value B c . For example, B c related to ω 1 (ω 4 ) is 10 T (20 T). Below B c , ωs depend not only on the field strength but also on the ribbon width on account of the characteristics of the Hall-edge states. There are several critical differences in ωs between the N y = 270 and the N y = 269 ribbons. ωs of the former show many jumps with the increase in the field strength. Those of the latter go through the sharp changes as B 4 T; then they monotonically increase with B. The event that the third peak moves closer to the fourth peak when 12 T < B < 20 T does not occur in the N y = 269 ribbon, but in the N y = 270 ribbon. The differences are of great use in distinguishing the N y = 3I + 2 ribbons from the N y = 3I + 2 ribbons.
In the following, a comparison between our study and previous works on magneto-electronic structures is made. The electronic properties of 1D nanographite ribbons are investigated by using the ab initio calculation [32] and the massless fermion Dirac equation [22] [23] [24] . The first-principles calculation [32] predicts that all narrow armchair ribbons have bandgaps. The calculation result is different from that of the tight-binding model. The predicted difference in bandgaps vanishes as the ribbon width is wide enough, e.g. N y 42 [32] . In addition, the first-principles calculations are not suitable to deal with larger size systems. Thus, the tightbinding method is a good model to study the electronic properties of wide ribbons (N y ∼ 270). The massless fermion Dirac equation with appropriate boundary conditions is used to calculate eigenenergies and eigenstates of the Landau levels and Hall edge states [22] [23] [24] . This method can clearly manifest the low-energy magneto-electronic properties. Notably, the calculated results are suitable at low energy (|E c,v | 0.2γ 0 ). Besides the magnetic-band structures, our work also covers the magneto-absorption spectra of armchair ribbons. The Peierls coupling tight-binding method is an exact method and can provide the full-band structure. It is noted that the Hamiltonian matrix is arranged as a Hermitian matrix in band storage. The state energies and the wavefunctions are easily obtained by the diagonalization of a band matrix. Moreover, this method can easily include the interlayer interactions and be applied to the study of the magneto-electronic properties and optical excitations of multilayer systems, e.g. bilayer and trilayer graphenes. This work is ongoing.
The low-energy bands of zigzag ribbons are sensitive to the edge structures, e.g. the dangle bonds [19] , monohydrogen termination [20] and dihydrogen termination [21] . The monohydrogenated and dihydrogenated terminations could, respectively, induce the partial flat bands at E F within π/3 k x I x π/2 and 0 k x I x π/3 [33] . Such bands make no contribution to the optical absorption spectra at B = 0 [25] , mainly owing to the symmetry of the associated wavefunctions. The magnetic field draws electronic states together and thus produces the dispersionless energy bands. The partial flat bands are expected to be hardly affected by the magnetic field; they are deduced to have no absorption peaks even at B = 0. However, the partial flat bands will play an important role in transport and magnetic properties.
The two many-body effects due to the Coulomb interactions and excitons might be important in optical absorption spectra. The tight-binding model could obtain the single-particle bands. The quasi-particle energy bands, with the e-e interactions, have been investigated for very small carbon nanotubes (diameters 4-5Å) [34] . Such interactions will largely widen the energy gap or subband spacings. On the other hand, the excitonic effect, the attraction between electron and hole, will reduce the absorption frequencies [34] . Compared with the single-particle results, the net effect is to cause the blueshift of absorption peaks. Similar results are obtained for narrow semiconducting ribbons (width ∼10Å) [27] . The many-body effect becomes weaker on the increase of the diameter or width [32] . The larger graphene ribbons (width ∼300Å) in this work are expected to show the weaker many-body effect. The magnetic field strongly affects energy bands. The competitive or cooperative relations between the magnetic field and the many-body effects deserve further study.
The access to the experimental observation is discussed. Figure 6 clearly shows that the frequencies of absorption peaks could be distinguished when the variation of the field strength is B ∼ 0.5 T ( B/B 5%). The angle α between the magnetic field and the z axis is estimated α 10 • . Of course, it is very difficult to prepare graphene ribbons with width just N y = 269 or 270. The similar case could be found in single-walled carbon nanotubes; that is impossible to produce a homogeneous system with the same diameter and chirality. Nevertheless, carbon nanotubes with a narrow distribution in diameter (R) and chirality ( R/R 10%) could be produced ( [35, 36] and reference therein). Moreover, the metallic and semiconducting carbon nanotubes could exhibit different optical absorption spectra [37] . As a result, the optical measurements are useful in identifying the nanotube geometry [35] . In this work, the absorption frequencies of the N y = 3I + 2 graphene ribbons are very different from those of the others at B 9 T. When the narrow-distribution graphene is produced ( N y /N y 10%), the optical measurements could be used to verify the predicted results.
Conclusions
Our tight-binding calculation shows that the competition between the magnetic and the quantum confinement determines the characteristics of the magneto-band structures and the absorption spectra of the armchair graphene ribbons. A magnetic field changes the 1D energy dispersions into the Hall-edge states, and then brings about some of the Landau levels with the increase of the field strength. In a strong magnetic field, the distribution width of the Landau wavefunction is less than the ribbon width. The electron's properties are dominated by the magnetic field. The Landau states thus occur. Alternatively, the distribution width of the Landau wavefunction is larger than the ribbon width at a low field strength. The Landau wavefunctions are therefore deformed to satisfy the boundary condition set by the ribbon width, causing the Hall-edge states. Whether the ribbon width plays a crucial role in the magneto-band structures depends on the Hall-edge state, which is closely related to the electron's wavevector, touching one or two ribbon edges. As a result, the Hall-edge states are very sensitive to the field strength, the ribbon width, the subband index and the wavevector. In short, B has a great influence in the magneto-band structures: the alteration of the band feature, the change of the size of the bandgap, the shift of the band-edge states, the lifting of the degeneracy of the energy bands, the production of the partial flat bands and the inducement of SMT. The characteristics of the magneto-electronic properties are all revealed in the low-frequency absorption spectra. A magnetic field changes the optical selection rule, creates the new peaks and alters the spectral features (the peak position, the peak shape, the peak height and the absorption edge). The calculated absorption frequencies show strong dependence on the field strength and the ribbon width as a result of the magnetic and quantum confinement. Above all, the predicted absorption spectra and the associated electronic properties could be verified by optical measurements.
